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CHAPTER 5

Discussion

The hypothesis that PGE tellurides and PGE arsenides exhibit different flotation behaviours
has been investigated in this study. In carrying out this investigation the flotation responses of
PGE tellurides and PGE arsenides in a Platreef ore have been compared. Having factually
established which one of these minerals is better floating, the challenge was to start
investigating what factors significantly account for the observed differences in flotation
responses of these minerals. The many factors which could account for the observed
differences in the flotation responses of these minerals had to be investigated, viz. sizes of the
particles associated with these minerals, their associations with other minerals, their liberation
characteristics and surface chemistry. This necessitated flotation comparison testwork in
which such possible differences could be controlled. It was decided to compare synthetic
forms of these minerals which were synthesised to resemble fully liberated minerals of a close
size range. As a result an additional hypothesis had to be investigated in this study and this
was whether synthetic minerals adequately simulate the behaviour of naturally occurring
PGMs in a flotation circuit and what the relative flotation responses are of these PGMs. All the

flotation tests were carried out at natural pH which in this case fell in the range of 8 to 9.

Simulating the flotation behaviour of natural PGMs using synthetic PGMs

In comparing the flotation response of natural PGMs and synthetic PGMs in a natural ore
environment, batch flotation responses of a Platreef ore and Merensky reef ore spiked with
synthetic minerals were investigated. The blend of synthetic PGMs used for spiking consisted
of a combination of moncheite, merenskyite and sperrylite in similar proportions in which they
naturally occur in the Platreef ore sample used. The four incremental spiking levels referred to
in section 4.1 were incremental amounts of the said blend of synthetic minerals carefully
chosen to increase the content of each of the constituent mineral in the Platreef ore by 30%,
50%, 100% and 150%. The Merensky ore despite having a different mineralogy was spiked
with the exact mass amounts of the blend for each level of spiking as for the Platreef ore.
Spiking the synthetic PGMs into the natural ores was aimed at subjecting the synthetic PGMs
to a pulp environment as complex as natural PGMs are exposed to during flotation. Having an
indistinguishable mixture of natural and synthetic PGMs in the spiked ore, a mechanism had to

be devised to distinguish the flotation response of the synthetic PGMs from that of the natural
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PGMs. Since there currently is no readily applicable technique for obtaining mineral assays,
the flotation responses of the minerals was traced by the flotation response of their associate
elements and in this particular case Pt and Pd. It should be noted however that not all the Pd
in the Bushveld complex is necessarily from PGMs as some has been reported to occur in
solid solution with pentlandite (Ballhaus, 2000; McDonald et al., 2005; Holwell et al., 2004).

The flotation results achieved from natural ore samples without any synthetic PGMs spiking
gave the base line case of the flotation responses of the naturally occurring Pt and/or Pd
associated minerals. That obtained from the spiked ores gave the flotation response of
combined natural and synthetic PGMs bearing Pt and Pd. Therefore any deviations from the
baseline case would be attributed to the synthetic PGMs and if significant would be taken as a
significant difference in flotation response compared to natural PGMs. The absence of
significant deviation would obviously then indicate similarity in flotation responses. The extent
of spiking with synthetic PGMs included levels that more than doubled the Pt and Pd head
grades of the natural ores (cf. Tables 4.1 and 4.4) to ensure that the contribution of the
synthetic PGMs to the flotation response would be notable. The reported head grades for the
spiked ores were calculated from flotation products (cf. Appendix C) due to there not being
sufficient amounts of synthetic PGMs required to generate spiked head samples for chemical
assaying. It is important to note that the synthetic PGMs were in the size range 100% -38um
and, having been synthesised from pure elements (cf. section 3.1.5), resembled only a fraction
of the mineralogical diversity of the naturally occurring PGMs in the ores (cf. section 4.4). As
attempting to reproduce this diversity is clearly virtually impossible, it should be appreciated

that the natural ore and the spiked ores will have slightly different mineralogy.

The results from this testwork (cf. section 4.1) show that flotation without collector, of natural
ores or those spiked with synthetic PGMs, produced very poor Pt and Pd recoveries and
grades. On the other hand, the rest of the tests carried out with the addition of collector
showed marked recovery improvement for both natural and spiked samples. The Pt and Pd
ultimate recoveries increased in excess of 50% points following the addition of collector. The
results also showed that tests carried out with collector produced better flotation response as
they had higher flotation rate constants. These observations were made for tests conducted

on Platreef ore as well as on Merensky ore and showed that both natural and synthetic PGMs
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are not naturally hydrophobic but that collector is required to impart hydrophobicity for

favourable flotation to take place.

The Pt and Pd flotation responses generally followed the order of spiking for both Platreef and
Merensky ores. From the series of concentrates collected the cumulative grades at each stage
were higher for higher levels of spiking. This was most likely due to the higher Pt and Pd head
grades at the higher levels of spiking. To take into account these differences in head grades in
making these comparisons, the results are considered in terms of Pt and Pd upgrade ratios
versus their respective recoveries, the upgrade ratio in this case being simply the ratio of the

concentrate grade relative to the head grade (cf. Appendix C).

In the case of the tests carried out on the Platreef ore the results show the Pt upgrade ratios
(cf. Figure 4.3) at all stages of flotation were very close for all tests carried out with collector. A
similar observation was made for the tests carried out without collector although the upgrade
ratios were lower. In the case of collector being present, the upgrade ratios in the first stage
were +30 with the final upgrade ratios being +9. In the absence of collector the upgrade ratios
for all the stages of flotation were about 1 which virtually means that there was no upgrading.
For the samples floated with collector, the Pd upgrade ratios of the natural ore were very
similar to those of the lowest level of spiking (level1) at all stages of flotation. For these two
samples the Pd upgrade ratio at the start of flotation was +20 which was lower compared to
+32 achieved at higher levels of spiking. However, ultimately the Pd upgrade ratios (cf. Figure
4.4) achieved were all very close falling in the region of +9. For all samples floated without
collector, spiked and natural, the Pd upgrade ratios were much lower throughout all the stages
as they fell in the range 1 to 4. The Pt and Pd flotation rate constants for the tests carried out
with collector ranged from 0.58min™ to 2.78min™" which were much higher than those from the
collectorless tests ranging from 0.04min™ to 0.09min™". The flotation rates of natural and
synthetic PGMs were greatly improved by the addition of collector. These results
demonstrated the similarities in flotation responses between natural and synthetic PGMs.
Amongst the samples floated with collector, Pt and Pd flotation rates were lowest for the
sample with the lowest spiking level followed by the natural ore. The Pt and Pd flotation rates
for the rest of the samples were very close and slightly higher. All the samples floated with
collector achieved ultimate Pt and Pd recoveries ranging from 85% to 90% whereas none of

those floated without collector exceeded 25%.
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In the case of the tests carried out on the Merensky ore the results show the Pt upgrade ratios
(cf. Figure 4.9) at all stages of flotation were very close for all tests carried out with collector. A
similar observation was made amongst the tests carried out without collector however at
relatively lower upgrade ratios. In the case of the former, the upgrade ratios in the first stage
were +45 with the final upgrade ratios being +12. In the case of the latter the upgrade ratios for
all the stages of flotation were around 2. On the other hand Pd upgrade ratios (cf. Figure 4.10)
for samples floated with collector varied quite broadly in the early stages of flotation ranging
from 38 to 52 but were ultimately very close at +12. The Pd upgrade ratios for the samples
floated without collector were much lower in the initial stages of flotation with the highest being
13. In the absence of collector, even though the concentration of Pd was much higher in the
case of the spiked sample relative to the natural ore they were both much lower compared to
those of samples floated with collector. The Pt and Pd flotation rate constants for the tests
carried out with collector ranged from 1.67min™" to 3.05min™" which were much higher than
those from the collectorless tests ranging from 0.14min™ to 0.43min"". The flotation rates of
natural and synthetic PGMs increased significantly on addition of collector. These results
demonstrated the similarities in flotation responses of natural and synthetic PGMs. The Pt
results for the natural ore and the spiked samples were almost indistinguishable throughout
the various flotation stages. All the samples floated with collector achieved ultimate Pt
recoveries of +90% whereas those floated without collector only achieved as high as +20%.
Pd recoveries of the natural ore sample floated with collector were slightly lower at all stages
of flotation compared to those of the spiked samples floated with collector. Their Pd ultimate
recoveries ranged from 91% to 97% which are relatively close in comparison to that of the
spiked sample floated without collector which was 46.5% or indeed compared to the natural

ore sample floated without collector with an ultimate recovery of 21.8%.

Overall, these results showed that the synthetic PGMs investigated responded to reagents in a
manner similar to naturally occurring PGMs. Their flotation responses in terms of
grade/upgrade ratios and recovery relationships were quite similar based on the observed
trends. These findings therefore show that it is acceptable to use the synthetic PGMs to

investigate the flotation behaviour of naturally occurring PGMs.
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Comparing the flotation responses of PGE tellurides vs. PGE arsenides

It was hypothesised in this research that PGE tellurides and arsenides present in the Platreef
exhibit significantly different flotation responses as a result of the different mineralogical
compositions. Various tests were carried out to characterise and compare the flotation
responses of PGE tellurides and PGE arsenides. Amongst the tests conducted, some
compared the naturally occurring forms of these PGMs and in others synthetic equivalent
PGMs were compared. The naturally occurring forms of these PGMs in a Platreef ore were
compared down the bank of the Flexi-Float mini-plant. In addition, having established the
applicability of synthetic PGMs for simulation of natural PGMs the flotation response trends of

synthetic moncheite (Pt telluride) and synthetic sperrylite (Pt arsenide) were investigated.

Natural PGE tellurides vs. natural PGE arsenides

For a comparison of the natural forms of these minerals down the Flexi-Float bank, a method
had to be devised to separately trace the minerals in the absence of a readily available mineral
assaying technique. Back calculating mineral assays from assays of their readily analysable
constituents such as Pt and/or Pd is a possible technique only if the stoichiometry of the
minerals involved are definite. This technique is easily applicable to Platreef PGE arsenides
since this is essentially sperrylite with a molecular formula of PtAs,. PGE tellurides
compositions on the other hand vary considerably and are typically in association with bismuth
(Kingston 1966., Harney et al. 1990., Cabri et al. 1976). Figure 5.1 shows an example of a
ternary diagram for a Pd-Te-Bi system, which shows the variation in composition. The solid
black triangles represent particles that are depleted in tellurium and bismuth and enriched in

palladium.
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of arsenides ranging from 0.02min™ to 0.03min™. In Configuration 1, tellurides had an initial
recovery of 24.2% with an upgrade ratio of 16.6 compared to those of arsenides at 9.4% and
6.4 respectively. Over almost the entire flotation period tellurides produced almost double the
upgrade ratios of arsenides for points of equivalent recovery. Tellurides produced a much
higher final recovery of 89.9% compared to that of arsenides at 45.0%.

In Configuration 2, tellurides had an initial recovery of 31.0% with an upgrade ratio of 19.1
compared to those of arsenides at 18.9% and 11.7 respectively. Over the entire flotation
period tellurides had a higher upgrade ratio compared to arsenides for points of equivalent
recovery. Tellurides produced a much higher ultimate recovery of 89.9% compared to that of

arsenides at 52.8%.

From these results it was concluded that naturally occurring PGE tellurides float more readily

than naturally occurring PGE arsenides.

Synthetic PGE tellurides vs. synthetic PGE arsenides

The following discussion is based on batch flotation testwork aimed at comparing the flotation
responses of synthetic moncheite (Pt telluride) and synthetic sperrylite (Pt arsenide) spiked in
separate samples of a Platreef ore. In an approach similar to that earlier discussed, the
flotation response of these PGMs was traced by way of Pt chemical analysis. On spiking the
Platreef ore, equal amounts of synthetic moncheite and sperrylite were used and in each case

this amount raised the Pt content to almost double that present in the natural Platreef ore.

The results for this testwork in section 4.3.2 show that natural Platreef ore and that spiked with
synthetic moncheite produced similar Pt recoveries which were ultimately around 83%. It can
also be seen that the sample spiked with the synthetic sperrylite produced much poorer Pt
ultimate recovery at 68%. The Pd head grades of the spiked samples were quite similar to that
of the natural ore sample as was expected since sperrylite did not contain any Pd and that in
moncheite was only 0.13%. Therefore the Pd flotation response for all three tests reflects the
behaviour of naturally occurring Pd minerals. It is however interesting to note that the Pd
upgrading characteristics of the spiked samples was lower in the early stages compared to

that of the natural sample. This suggests some interaction between synthetic minerals and
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natural minerals in the pulp which caused the Pd minerals to be less floatable in the early

flotation stages for the spiked sample.

The experimental design of these tests demonstrates some of the benefits of using synthetic
PGMs to investigate PGM flotation. A collective group of PGMs such as PGE tellurides has
been unbundled and a specific constituent of the group, in this particular case Pt tellurides,
has been investigated and compared against Pt arsenide. In a similar fashion, though not
done in this study, Pd tellurides could be compared against Pt arsenides. This type of

experimental design would be nearly impossible to achieve using the natural ores.

In another test similar to that discussed above, the flotation response of synthetic moncheite
was compared to that of synthetic sperrylite by spiking these PGMs into barren feldspathic
pyroxenite. This provided ore samples containing exclusively synthetic PGMs but with a
gangue mineralogy very similar to that of the natural Platreef ore. This approach also provides
the opportunity to custom design ores for experiments and also the ability to eliminate what in
natural ores are uncontrollable variables such as mineralogy. For example, in additional tests
the effect of base metals on the flotation response of the PGMs was tested by spiking

synthetic pentlandite in addition to the synthetic PGMs.

The results in section 4.3.3 showed that moncheite produced the best flotation response with a
final recovery of 92.5%. On the other hand sperrylite with a final recovery of 67.3% produced
the poorest flotation response with hardly any differential upgrading from one stage to the
next. It can also be seen that a combination of moncheite and sperrylite (Te-As) produces an
intermediate response which is slightly enhanced on the addition of pentlandite (Te-As-S).

This may be due to inadvertent activation of moncheite and/or sperrylite by nickel.

In summary these results have shown that the flotation behaviour of the naturally occurring
PGMs and the synthetic PGMs are similar. They also show clearly that PGE tellurides float

more readily than PGE arsenides.

Factors affecting PGE tellurides and PGE arsenides flotation
Having established that PGE tellurides are better floating compared to PGE arsenides the

challenge was to investigate what factors account for this observation. It is hoped that findings
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from these investigations can be applied to develop means of improving the PGM recoveries.
Some of the factors affecting flotation that have been investigated in this study include

mineralogy, surface chemistry and reagents.

Mineralogy

The results presented in this section are from mineralogical examinations carried out down the
bank of the Flexi-Float in configuration 1 and using Platreef ore. In characterising the Flexi-
Float the concentrates down the bank were batched into fast floating (Conc1), medium floating
(Conc2-3) and slow floating (Conc4-8). This was as opposed to analysing the concentrates
from each of the eight cells separately due to limited MLA instrument time (cf. section 4.2 for a

comparison of the two Flexi-Float configurations).

The results in section 4.4 show that PGE tellurides are the most abundant PGM species in the
feed and concentrates of the Flexi-Float streams followed by PGE arsenides. PGE tellurides
abundance in the feed was 59.2% which reduced to 30.2% in the tailings. On the other hand
PGE arsenides had an abundance of 13.3% in the feed which increased to 30.9% in the
tailings. The large difference in the abundances of these minerals in the feed can not account
for the observed differences in their flotation rates as this was eliminated in the earlier tests in
which flotation responses of synthetic ores containing similar amounts of Pt telluride and Pt

arsenides were compared.

The results in section 4.4.3 show that PGE arsenides are better liberated in all the streams of
the Flexi-Float compared to PGE tellurides in corresponding streams. By way of example,
67.2% of PGE tellurides in the feed were liberated compared to PGE arsenides which were
74.3% liberated. As is well known, better liberation should imply better mineral surface
exposure for reagent adsorption and consequently enhanced flotation response. Vermaak
(2005) reports higher PGM recoveries (86.5%) in the -45um fraction compared to the recovery
of 59% from the +45-75um fraction of Mimosa Mine ore in Zimbabwe. Insufficient liberation is
then highlighted as a possible cause for poor recoveries in the coarser fractions. However, in
the current study although the PGE arsenides are better liberated they were nevertheless

found to yield lower recoveries and slower flotation rate constants than the PGE tellurides.

80



Flotation behaviour can also be affected by the association of minerals with other species. The
association of PGE tellurides and PGE arsenides with other minerals was investigated and it
can be seen that over 16% of the former are associated with base metal sulphides in the feed
which is quite significant compared to less than 1% for the latter. On the other hand, PGE
arsenides have a high association with silicates which is in excess of 20% compared to below
10% for PGE tellurides. This may lead to the suggestion that it is through the association of
tellurides with base metal sulphides and of arsenides with silicates that the PGE tellurides
show higher recoveries than the arsenides. However, this possibility was eliminated in the
previously discussed tests carried out using synthetic ores in which the flotation responses of
synthetic Pt telluride was compared to that of Pt arsenides. These pure synthetic minerals

were free of association with any other minerals and yet Pt telluride was better floating.

Recoveries are well known to be influenced by particle size effects and hence size
distributions of particles associated with PGE tellurides and PGE arsenides were compared in
the various Flex-Float streams. Particles associated with the minerals rather than mineral
grains are being considered in this case as this is what can impact on flotation response. Grain
size distribution can however be found in the Appendix E. Extensive studies of the influence of
particle size on flotation have been made (Dobby and Finch, 1987; Wills, 1992). A model was
proposed by Dobby and Finch (1987) in which particle collection is considered to occur by
particle collision followed by the particle sliding over the bubble surface. The collection
efficiency Ex given in equation 5.1 is directly proportional to collision efficiency and the

attachment efficiency.

EK= EC. EA 5.1

where,
E. = collision efficiency defined as the rate at which particles collide with the bubble divided by

the rate at which particles flow across the projected area of the bubble.

Ea = attachment efficiency defined as the fraction of all colliding particles that reside on the
bubble for a time greater than the induction time t;. It is assumed that after collision a particle

slides over the bubble and attachment occurs when an intervening liquid film thins and
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their p80s increase and range from 90um to 125pm. The PGE tellurides in the tailings at a p80

of 160um were coarser than the PGE arsenides at a p80 of 105um.

However, differences in size distributions were eliminated as a possible cause for the
observed differences in the flotation responses of these two minerals. This was evident from
the better flotation response achieved by Pt telluride in the previously discussed comparative
flotation tests carried out on barren feldspathic pyroxenite spiked with synthetic PGMs. The
synthetic PGMs used in these tests were all -38um fractions which were generated by
identical methods of crushing and screening of the respective synthetic PGM head samples.
Therefore any possible mineral size differences in the head samples to these tests should

have been eliminated.

Overall it can be said that factors such as liberation and particle size could not explain the
observed differences in the flotation responses of PGE tellurides and PGE arsenides. Given
that the relatively poor flotation of arsenides compared to tellurides is not related to liberation,
association or size effects, it can be inferred that this may be due to a poorer degree of
interaction between the arsenides and the thiol collectors compared to the interaction of the
tellurides with these same reagents. It is beyond the scope of this study to explain whether or

not this is a reasonable hypothesis. It may be however worth noting the following oxidation

potentials:

Pt + H,O — PtOH" + H* + 2e -1.200volts
Te + 2H,0 — TeO, + 4H' + 4e -0.593volts
2As + 3H,0O — As,03 + 6H+ + 6e -0.234volts

This sequence appears to indicate that arsenic may be more prone to oxidation than tellurium.
This could contribute to the poor reagent/mineral interaction for arsenides compared to
tellurides. This is further reinforced by the fact that thiol collectors readily render Pt
hydrophobic. It is thus possible that there is a relationship between the oxidation potentials of
the minerals and the extent to which they interact with the thiol collector and that this could

explain the relative floatabilities of the tellurides and arsenides.
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Reagent suites

An investigation into the effect of various reagent suites on the ultimate recovery of Pt
arsenide was carried out using barren feldspathic pyroxenite spiked with synthetic Pt arsenide.
In all the tests conducted, SIBX was used as a primary collector and then a dithiophosphate
and two dithiocarbamates were compared as secondary collectors. The effect of copper as an
activator was also investigated. The choice of reagents used was amongst the most commonly
used in PGM flotation (Bulatovic, 2003). The results in section 4.5 showed that the ultimate
recoveries achieved by changing the reagent suites were very similar without any of them
enhancing the recovery of Pt arsenide. The flotation reagents tested were typical of the most

common types used in the PGM industry.

Mineral surface chemistry

The possibility that differences in the flotation behaviour of PGE tellurides and PGE arsenides
are a result of differences in their liberation or particle size have been eliminated. A simple test
of varying reagent regimes did not yield any indication of improving this poor flotation
response. Clearly there is an opportunity for further investigations into the possibility that other
reagent types may be more useful in rendering arsenides hydrophobic but this was beyond the

scope of the present investigation.
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CHAPTER 6

Conclusions

The Platreef situated in the Limpopo province of South Africa constitutes a significant source
of PGEs produced in the world. Of the various PGE bearing minerals in the Platreef, PGE
tellurides are the most abundant occurring in excess of 30% in terms of PGM relative
abundance followed by PGE arsenides at 21%. As is well known, flotation is a key process in
the upgrading and recovery of such minerals from the mined ores. The flotation response of
these minerals can therefore have a significant bearing on the economics of the ore
processing. This research has aimed at exploring the hypothesis that PGE tellurides exhibit
significantly different flotation behaviour compared to PGE arsenides and then trying to explain
any differences observed in terms of the properties of these minerals. In this way it is hoped
that this will result in a better understanding of the flotation behaviour of these PGMs and

overall increased recoveries in the plant situation.

The flotation response of naturally occurring PGE tellurides and arsenides were compared
using two configurations of the Flexi-Float mini-plant running on naturally occurring Platreef
ore. In both configurations PGE tellurides produced higher flotation rate constants in the range
of 0.09min™ to 0.11min™" compared to those of arsenides (0.02min™ to 0.03min™"). In
Configuration 1, tellurides produced an initial recovery of 24.2% with an upgrade ratio of 16.6
compared to those of arsenides at 9.4% and 6.4 respectively. Over almost the entire flotation
period tellurides produced almost double the upgrade ratio of arsenides for points of
equivalent recovery. Tellurides produced a much higher final recovery of 89.9% compared to
that of arsenides at 45.0%. In configuration 2, tellurides also produced a much higher ultimate
recovery of 89.9% compared to that of arsenides at 52.8%. These findings showed clearly that
naturally occurring PGE tellurides and PGE arsenides exhibit significantly different flotation

behaviour and that tellurides are more amenable to flotation.

The question of whether synthetic minerals could adequately address the flotation behaviour
of their natural equivalents had to be addressed before they could be used to carry out further
investigations on the flotation of these minerals. Synthetic minerals were proposed to be used
given the great difficulty of accessing sufficient quantities of the natural tellurides and

arsenides. This study was carried out by comparing Pt and Pd batch flotation recoveries from
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naturally occurring ores (Platreef and a Merensky reef) with the recoveries obtained when
these ores were spiked to various levels with a blend of synthetic sperrylite (PtAs;), moncheite
(PtPd(BiTe),) and merenskyite (PdPt(BiTe),). The hydrophobicities of the natural and synthetic
minerals were tested by conducting batch flotation tests in the absence of collector. The
flotation results achieved under these conditions were then compared to those achieved in the

presence of collector.

In the absence of collector, the Platreef ore produced final Pt and Pd recoveries of 11.4% and
15.2% respectively whereas those for Merensky reef were 19.2% and 22.5% respectively. The
Pt and Pd flotation rate constants for the Platreef ore were 0.06min” and 0.09min”
respectively whereas those of the Merensky ore were 0.14min™" and 0.18min™" respectively.
The flotation tests carried out under similar conditions but in which Platreef was spiked with
the synthetic PGMs produced final Pt and Pd recoveries of 8.37% and 27.1% respectively.
The Pt and Pd flotation rate constants achieved in this test were both 0.04min”. Under the
same conditions the spiked Merensky sample produced final Pt and Pd recoveries of 13.5%
and 48.0% respectively with Pt and Pd flotation rate constants being 0.20min™" and 0.43min™

respectively.

In the presence of collector, there were significant increases in the Pt and Pd recoveries and
their respective rate constants for all the scenarios, viz. flotation of natural ores and natural
ores spiked with synthetic samples. In every case, the Pt and Pd recoveries increased to
values in excess of 85.0% with the flotation rate constants increasing to values which were at

least more than five times those achieved in the absence of collector.

The flotation results achieved from natural ore samples without any synthetic PGMs spiking
gave the base line case of the flotation responses of the naturally occurring Pt and/or Pd
associated minerals. Those obtained from the spiked ores gave the flotation responses of
combined natural and synthetic PGMs bearing Pt and Pd. Since the flotation response
parameters compared i.e. recoveries and rate constants in the two scenarios (with and without
collector) increased by similar orders of magnitude for natural and spiked samples, it was
concluded that the synthetic PGMs were responding to flotation in a manner similar to the
natural PGMs. The results also showed, as expected, that both natural and synthetic PGMs

are not sufficiently naturally hydrophobic but require collector to impart the levels of
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hydrophobicity required to produce significant recoveries. These results confirmed that the
synthetic PGMs behaved essentially in the same way as the natural ores in flotation and that it
was appropriate to use them to evaluate in greater detail the behaviour of tellurides and

arsenides in general.

The flotation responses of synthetic moncheite (Pt telluride) and synthetic sperrylite (Pt
arsenide) were compared by carrying out flotation tests on samples of a Platreef ore
separately spiked with equal amounts these minerals. In an approach similar to that described
above, the flotation responses of these PGMs were traced by way of total Pt (from natural and
synthetic PGMs) chemical analysis. The results achieved with the spiked ore were also

compared to those achieved with a natural Platreef ore.

The natural Platreef ore and that spiked with synthetic moncheite produced similar Pt
recoveries which were ultimately around 83%. The sample spiked with the synthetic sperrylite
produced much poorer Pt final recovery at 68%. In another test, the flotation response of
synthetic moncheite was compared to that of synthetic sperrylite by spiking these PGMs into
barren feldspathic pyroxenite. This provided synthesised ores containing exclusively synthetic
PGMs but with gangue typical of the natural Platreef ore. In this test the moncheite produced a
final recovery of 92.5% with a flotation rate constant of 0.88min™". On the other hand, the
sperrylite produced a much lower final recovery of 67.3% with a flotation rate constant of
0.21min". It was concluded from the results from these two tests that synthetic moncheite, a
PGE telluride, has better flotation response than synthetic sperrylite, a PGE arsenide. This
finding was consistent with that observed in the case of the naturally occurring equivalents as
previously mentioned. It was thus demonstrated that PGE tellurides and arsenides exhibit
significantly different flotation behaviour. It is worth noting that the synthetic PGMs compared
in the above mentioned testwork was all pure and all of a close size range which was 100% -
38um. This was an important component of the experimental design as association of the
minerals and their particle size differences were eliminated as possible causes of the observed

differences in the flotation behaviours of these minerals.

The mineralogy of the natural Platreef PGE tellurides and arsenides from the earlier discussed
Flexi-Float testwork was scrutinised. The results showed that the PGE tellurides were the most

abundant PGM species in the feed and concentrates of the Flexi-Float streams followed by
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PGE arsenides. PGE tellurides abundance in the feed was 59.2% which reduced to 30.2% in
the tailings. On the other hand PGE arsenides had an abundance of 13.3% in the feed which
increased to 30.9% in the tailings. The large difference in the abundances of these minerals in
the feed could not account for the observed differences in their flotation rates as this was
eliminated in the previously discussed tests in which flotation responses of synthetic ores

containing similar amounts of Pt telluride and Pt arsenides were compared.

Moreover the PGE arsenides were better liberated in all the streams of the Flexi-Float
compared to PGE tellurides. By way of example, 67.2% of PGE tellurides in the feed were
liberated compared to 74.3% for the PGE arsenides. Ideally better liberation usually implies
higher recoveries but in this case, despite their better liberation, PGE arsenides were poorer

floating compared PGE tellurides.

The association of PGE tellurides and PGE arsenides with other minerals was investigated It
was shown that about over 16% of the former are associated with base metal sulphides in the
feed which is quite significant compared to less than 1% for the arsenides. PGE arsenides,
however, had a high association with silicates (in excess of 20%) compared to below 10% for
PGE tellurides. It is obvious that it would be appropriate to infer that the better recovery of
tellurides is due to their association with sulphides and that the relatively poor recovery of
arsenides is because of their association with silicates. However, this possibility was
eliminated in the tests carried out using synthetic ores in which the flotation responses of
synthetic Pt telluride was compared to that of Pt arsenides. These pure synthetic minerals

were free of association with any other minerals and yet the tellurides were still better floating.

Recoveries can be influenced by particle size effects. In the present study particles associated
with PGE tellurides and arsenides in the feed had p80s of 107um and 97um respectively, and
these reduced in Concentrate 1 to 65um and 32um respectively. Further down the bank in
Concentrate 2-3 and Concentrate 4-8 their p80s increase to between 90um and 125um. The
tellurides in the tailings at a p80 of 150pm were coarser than the arsenides at a p80 of 105um.
However, differences in size distributions did not appear to explain the observed differences in
the flotation responses of these two minerals. This was evident from the better flotation
response achieved by Pt telluride in the flotation tests carried out on barren feldspathic

pyroxenite spiked with synthetic PGMs. In those studies the synthetic PGMs used were all -
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38um fractions which were generated by identical methods of crushing and screening of the

respective synthetic PGM head samples.

In summary, liberation, association and particle size effects could not account for the
differences observed in the recoveries of tellurides as opposed to arsenides. Therefore it can
only be speculated that the reason for the different flotation behaviours must be due in some
way to the different manner in which the reagents interact with the surfaces of these minerals.

A preliminary investigation into the effects of different reagents was carried out using SIBX as
a primary collector and then a dithiophosphate and two dithiocarbamates as secondary
collectors, respectively. The effect of copper as an activator was also investigated. The results
from these tests showed that there were no significant differences in the final Pt recoveries

achieved for all the reagent suites tested.

In conclusion it has been shown in this study that tellurides float more readily than arsenides
although significant recoveries of the latter are achievable. It has also been shown that the
relatively poor performance of arsenides compared to tellurides cannot be explained in terms
of their particle size nor their degree of liberation and hence it is deduced that it is possibly a
result of differences in the surface chemical interaction between the different minerals and the
thiol collectors traditionally used in the recovery of minerals on a PGM flotation plant. The solid
state properties of arsenides and tellurides are the focus of significant research in the semi-
conductor industry and it may be interesting to explore the possibility that those surface

properties may be able to offer an explanation of these differences.
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APPENDIX A: Flotation procedures

Time Solids H Reagent consumption(g/t)
(min) (%) P SIBX | Senkol3 Guar 389 B-Froth.
Milling 60% -75um 66 Nat.
Conditioning 2 32 60 15
Conditioning 2 100 30
Float-RC1 2
Float-RC2 2
Float-RC3 6
Conditioning 2 30 30
Conditioning 2 20 15
Float-RC4 10
Float-RC5 10

Table A 1: Batch flotation procedure for Platreef ore

Time Solids Svn Reagent consumption(g/t)
(min) (%) pH PGyM.s SIBX | Senkol3 | Guar | B-Froth.
369

Milling 60% -75um 66 Nat.

Conditioning 30 32 PGMs

Conditioning 2 60

Conditioning 2 100 30

Float-RC1 2

Float-RC2 2

Float-RC3 6

Conditioning 2 30

Conditioning 2 20 15

Float-RC4 10

Float-RC5 10

Table A 2: Batch flotation procedure for Platreef ore spiked with synthetic PGMs
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Time Solids H Reagent consumption(g/t)
(min) (%) P SIBX | Senkol5| KU9 | B-Froth.
Milling 60% -75um 66 Natural
Conditioning 2 32 60 15
Conditioning 2 100 30
Float-RC1 2
Float-RC2 2
Float-RC3 6
Conditioning 2 30 30
Conditioning 2 20 15
Float-RC4 10
Float-RC5 10
Table A 3: Batch flotation procedure for Merensky ore.
Time Solids H Syn. Reagent consumption(g/t)
(min) %) | P | PGMs [ SIBX | Senkol5 | KU9 | B-Froth.
Milling 60% -75um 66 Nat.
Conditioning 30 32 PGMs
Conditioning 2 60 15
Conditioning 2 100 30
Float-RC1 2
Float-RC2 2
Float-RC3 6
Conditioning 2 30 30
Conditioning 2 20 15
Float-RC4 10
Float-RC5 10

Table A 4: Batch flotation procedure for Merensky ore or Barren Feldspathic Pyroxenite spiked
with synthetic PGMs

Time Solids Svn Reagent consumption(g/t)
(min) (%) | PH | poms | SIBX | Guar | B-Froth.
369

Milling 60% -75um 66 Nat.

Conditioning 30 32 PGMs

Conditioning 2 60

Conditioning 2 100 30

Float-RC1 2

Float-RC2 2

Float-RC3 6

Conditioning 2 30

Conditioning 2 20 15

Float-RC4 10

Float-RC5 10

Table A 5: Batch flotation procedure for the reagents trial test carried out on Barren
Feldspathic Pyroxenite spiked with synthetic Pt arsenide using only SIBX as a collector.
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Time Solids Syn Reagent consumption(g/t)
(min) (%) pH PGM' CuSO,; | SIBX | Guar | B-Froth.
369

Milling 60% -75um 66 Nat.

Conditioning 30 32 Spiked

Conditioning 2 30

Conditioning 2 60

Conditioning 2 100 30

Float-RC1 2

Float-RC2 2

Float-RC3 6

Conditioning 2 30

Conditioning 2 20 15

Float-RC4 10

Float-RC5 10

Table A 6: Batch flotation procedure for the reagents trial test carried out on Barren
Feldspathic Pyroxenite spiked with synthetic Pt arsenide using only SIBX as a collector and
copper sulphate activator.

Time Solids Svn Reagent consumption(g/t)
(min) (%) | pH PgM's SIBX | DTCor | Guar | B-Froth.
DTP 369

Milling 60% -75um 66 Nat.

Conditioning 30 32 Spiked

Conditioning 2 60 15

Conditioning 2 100 30

Float-RC1 2

Float-RC2 2

Float-RC3 6

Conditioning 2 30 30

Conditioning 2 20 15

Float-RC4 10

Float-RC5 10

Table A 7: Batch flotation procedure for the reagents trial tests carried out on Barren
Feldspathic Pyroxenite spiked with synthetic Pt arsenide using SIBX as a primary collector and
any of the DTCs or DTP as a secondary collector.
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APPENDIX B: Compositions of blends of synthetic minerals

Mass amount spiked into 2kg aliquote of ore

PGM Type Level1 Level2 Level3 Leveld
(mg) (mg) (mg) (mg)
Moncheite 1.3 2.1 4.3 6.4
Merenskyite 6.4 10.6 21.2 31.8
Sperrylite 1.5 25 4.9 7.4

Table B 2:

Table B 1: Mass amounts of synthetic PGMs spiked into Platreef or Merensky ore.

Mass amount spiked into 2kg aliquote of ore
Test Moncheite Merenskyite Pentlandite
(mg) (mg) (9)
Te 75 - -
As - 53 -
Te-As 75 53 -
Te-As-S 75 53 6

Mass amounts of synthetic minerals spiked into Barren Feldspathic Pyroxenite
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APPENDIX C: Equations

Equation C 1: Calculated head grade .

T + C Equation C 1

Where,

h = head grade

T= tailings mass

t= tailing assay

C= concentrate mass

c= concenlrate assay

m=number for a stage concentrate

i= any element being considered e.g. Pt, Pd, Cu etc
j= total number of stage concentrates being collected.

Equation C 2: Upgrade ratio

roo= g im
! h Equation C 2

i
Where,

r= upgrade ratio
g= cumulated grade up to the m™ concentrate.
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